From the water-soluble portion of the methanol extract of the fruit of Carum ajowan (ajowan), which has been used as a spice and medicine, 25 compounds, including five new monoterpenoid glucosides, a new monoterpenoid, two new aromatic compound glucosides, and two new glucides, were obtained. Their structures were clarified by spectral investigation.
Ajowan [Carum ajowan (Umbelliferae)] is mainly cultivated in southern India, and is known as a popular aromatic herb and spice. Its fruit has been used as much for medicine as in cooking, and used to primarily control flatulence and indigestion. It is prescribed for colic, diarrhea and other bowel disorders, and in the treatment of asthma.
1) The main ingredient of its essential oil is thymol, 2) a germicide and antiseptic; also 6-hydroxycarvacrol 2-O-b-D-glucopyranoside, 3,5-dihydroxytoluene 3-O-b-D-galactopyranoside were reported as glycosyl constituents. 3) In continuation of our studies on the water-soluble constituents of spices, 4) and with the hope of isolating hydroxythymols and their glycosides, which can be expected to possess sterilizing property, we undertook a detailed investigation of this fruit and consequently isolated 25 compounds. In this paper, we discuss their structures.
The commercial ajowan was extracted with ether to remove the essential oil, and the residue was extracted with methanol. The methanol extract was suspended in water and extracted with ether, and the aqueous layer was chromatographed on Amberlite XAD-II to give water and methanol eluate fractions. The fractions were subjected to Sephadex LH-20, silica gel and Lobar RP-8 column chromatography, and finally, HPLC was used for purification of the compounds. Then, two monoterpenoids (1, 10), light monoterpenoid glucosides (2) (3) (4) (5) (6) (7) (8) (9) , one alkyl glucoside (11) , one aromatic compound (13) , three aromatic compound glucosides (12, 14, 15), two nucleosides (16, 17), and eight glucides (18-25) were obtained from the methanol extract. Among them, monoterpenoid and monoterpenoid glucosides 5 to 10, and aromatic compound glucosides 14 and 15 are new compounds, while glucides 20 and 21 are newly isolated compounds from natural sources. All glucosides described in this paper were b-D-glucopyranosides, as shown by their 13 C-NMR data, and this was confirmed by hydrolysis to yield D- 5) Their molecular formulae were suggested from the accurate mass number of [MϩH] ϩ or [MϩNa] ϩ ion peaks in the high-resolution positive FAB-MS. Monoterpenoid 1, monoterpenoid glycoside 2, 3 and 4 were identified as 3,7-dimethyloct-3(10)-ene-1,2,6,7-tetrol (a mixture of two stereoisomers), (2S,6z)-3,7-dimethyloct-3(10)-ene-1,2,6,7-tetrol 1-O-b-D-glucopyranoside, 6) 6-hydroxythymol 6-O-b-D-glucopyranoside 7) and 6-hydroxythymol 3-O-b-D-glucopyranoside, 7) respectively. ϩ ion peaks at m/z 351 and 149 in the positive FAB-MS, and had a 1,3,4-trisubstituted benzene ring, one hydroxymethyl and one isopropyl group, in addition to the b-glucopyranosyl moiety. From analysis of the heteronuclear multiplet-bond correlation (HMBC) spectral data (correlations: H-3/C-1, C-3, C-4, C-6, C-7; H-5/C-1, C-3, C-4, C-8; H-6/C-1, C-2, C-4, C-7; H 2 -7/C-1, C-2, C-6; H-8/C-3, C-4. C-5, C-9, C-10; H 3 -9/C-4, C-8, C-10; H 3 -10/C-4, C-8, C-9; Glc H-1/C-3), the aglycone was clarified to be 7-hydroxythymol, and the location of the glucosyl group was indicated to be C-3. Thus, 5 was characterized as 7-hydroxythymol 3-O-b-D-glucopyranoside. Glucoside 6 showed [MϩNa] ϩ and [MϩH] ϩ ion peaks at m/z 513 and 491 in the positive FAB-MS, and had the two b-glucopyranosyl moieties. Comparison of its 1 H-and 13 C-NMR (Table 1) spectral data with those of 3 and 4 suggested that 6 is a diglucopyranoside of 6-hydroxythymol. The positions of the glucosyl units were confirmed to be C-3 and C-6 from the HMBC spectral data (correlations: H-2/C-4, C-6, C-7; H-5/C-1, C-3, C-8; H 3 -7/C-1, C-2, C-6; H-8/C-3, C-4. C-5, C-9, C-10; H 3 -9/C-4, C-8, C-10; H 3 -10/C-4, C-8, C-9; Glc H-1/C-3; Glc H-1Ј/C-6), therefore, 6 was concluded to be 6-hydroxythymol
Monoterpenoid glucoside 7 (C 16 H 28 O 7 , an amorphous powder, [a] D 24 Ϫ15°) showed the presence of one b-glucopyranosyl unit, two sec-methyls, four methylenes (one of them was oxygenated), one methine, one oxygenated quaternary carbon and one trisubstituted double bond by the 1 H-and 13 C-NMR spectral data. Analysis of cross-peaks of the HMBC spectrum of 7 (H-2/C-3, C-4, C-6, C-7; H-3 ax /C-1, C-2; H-3 eq /C-1, C-2, C-4; H-5 ax /C-1, C-3, C-4, C-6; H-5 eq /C-1, C-3, C-4, C-6, C-8; H-6 ax /C-1, C-2, C-4, C-5, C-7; H-6 eq /C-1, C-2, C-5; H 2 -7/C-1, C-2, C-6; H-8/C-3, C-4. C-5, C-9, C-10; H 3 -9/C-4, C-8, C-10; H 3 -10/C-4, C-8, C-9; Glc H-1/C-4) suggested that the planar structure of the aglycone was p-menth-1-ene-4,7-diol, and the glucosyl unit was attached to the C-4 of the aglycone. Enzymatic hydrolysis of 7 gave an aglycone (7a; C 10 13 C-NMR and the HMBC spectral data (correlations: H-2/C-4, C-6, C-7; H-3 ax /C-1, C-2; H-5 ax /C-1, C-3, C-6; H-5 eq /C-1, C-3, C-4, C-6, C-8; H-6 eq /C-1; H 3 -7/C-1, C-2, C-6; H 3 -9/C-4, C-8, C-10; H 3 -10/C-4, C-8, C-9; Glc H-1/C-4), the positions of the hydroxyl groups were indicated to be C-4 and C-6, and the location of the glucosyl unit was the C-4 of the aglycone. As a cross-peak based on long-range W-type coupling was observed between H-3 eq and H-5 eq in the H-H correlation spectroscopy (COSY) spectrum, and the nuclear Overhauser effect (NOE) interactions shown in Fig. 1 were observed in the nuclear Overhauser and exchange spectroscopy (NOESY) spectrum, the conformation of 8 could be described as Fig. 1 . The configuration of C-6 hydroxyl was concluded to be equatorial by the coupling constant (dd, Jϭ5.0, 9.0 Hz) of the H-6 signal. So, 8 was confirmed to be 4-O-b-D-glucopyranoside of p-menth-1-ene4b,6a-diol. As the glycosylation shift of C-3, C-4, C-5 and C-8 of 8 showed almost identical values to those of 7 (Table  1) , the configuration at C-4 of 8 was suggested to be R. moiety. From the analysis of HMBC spectral data (correlations: H-2/C-3, C-4, C-6, C-7; H-3 eq /C-1, C-2, C-4, C-5, Glc C-1; H-5 eq /C-1, C-4, C-6, C-8; H-6 ax /C-1, C-2, C-4, C-5, C-7; H-6 eq /C-1, C-2, C-5; H 3 -7/C-1, C-2, C-6; H 3 -9/C-4, C-8, C-10; H 3 -10/C-4, C-8, C-9; Glc H-1/C-3), 9 was clarified to be a glucopyranoside of a menth-1-ene type monoterpenoid having oxygenated functions at C-3, C-4 and C-5. The position of the glucosyl unit was revealed to be C-3 from the H-C long-range correlation between Glc H-1 and the C-3 carbon in the HMBC spectrum, and the NOE interactions between Glc H-1 and H-3 in the NOESY spectrum. Enzymatic hydrolysis of 9 gave an aglycone (9a; C 10 H 16 O 2 , an amorphous powder, [a] D 22 ϩ53°) and D-glucose, and from the molecular formula of 9, an epoxy ring should be formed between C-4 and C-5. The relative configuration was examined by the 1 H-1 H COSY and NOESY spectra of 9. Since a cross-peak between H-3 eq and H-5 eq , which was based on long-range Wtype coupling, was observed in the 1 H-1 H COSY spectrum, and NOE interactions between H-5 eq and H 3 -9, H-6 ax and H 3 -9 were observed in the NOESY spectrum, the relative configuration of 9 was suggested to be as described in 13 C-NMR spectral data revealed the presence of one tert-methyl, two sec-methyls, one methylene, three methines (two of them were oxygenated), one oxygenated quaternary carbon and one trisubstituted double bond. From the analysis of HMBC spectral data (correlations: H-3/C-1, C-5, C-8; H 2 -6/C-1, C-2, C-4, C-5, C-7; H 3 -7/C-1, C-2, C-6; H 3 -9/C-4, C-8, C-10; H 3 -10/C-4, C-8, C-9), 10 was suggested to be p-menth-3-ene-1,2,5-triol. As NOE interactions between H-2 eq and H 3 -7, H-5 ax and H 3 -7, and between H-6 eq and H 3 -7 were observed in the NOESY spectrum of 10, the orientation of H-2 eq , H-5 ax , H-6 eq and H 3 -7 should be the same. So, 10 was concluded to be p-menth-3-ene-1b,2b,5b-triol.
Alkyl glucoside 11, aromatic compound glucoside 12 and aromatic compound 13 were identified as 2-methyl-3-buten-2-ol b-D-glucopyanoside, 10) benzyl b-D-glucopyranoside 11) and 1Ј-(3-hydroxy-4,5-dimethoxyphenyl)-propane-2Ј,3Ј-diol, 12) respectively. Aromatic compound glucoside 14 (C 17 H 26 O 10 , an amorphous powder, [a] D 23 Ϫ6°) was suggested to be a b-glucopyranoside of 13 by the 1 H-and 13 C-NMR spectral data ( Table  2 ). The position of the glucosyl unit was indicated to be C-3Ј from the downfield glycosylation shift of the C-3 carbon (Dd ϩ7.7). showed the presence of one 1,3,4-trisubstituted benzene ring, one hydroxypropyl group in addition to the b-glucopyranosyl unit by the 1 H-and 13 C-NMR spectal data ( Table 2) . As cross-peaks between H-2 and H-1Ј, H-6 and H-1Ј, and between H-2 and Glc H-1 were observed in the NOESY spectrum (Fig. 2) , 15 was characterized as 3,4-dihydroxyphenylpropanol 3-O-b-D-glucopyranoside.
Nucleosides 16 and 17, and glucides 18 and 19 were identified as adenosine, 4) uridine, 4) (2S,3R)-2-methylbutane-1,2,3,4-tetrol 12) and (3R)-2-hydroxymethylbutane-1,2,3,4-tetrol, 12) respectively. Glucide 20 (C 4 H 10 O 3 , an amorphous powder, [a] D 24 Ϫ30°) was made up of one sec-methyl, one hydroxylated methylene, and two hydroxylated methines, and showed identical 1 H-and 13 C-NMR spectral data with those of 1-deoxyerythritol, which was obtained as an epimeric mixture of 1-deoxythreitol from fennel. 4) As 20 showed a minus optical rotation value opposite that of synthetic 1-deoxy-D-erythritol ([a] D ϩ16°), 13) 20 was concluded to be 1-deoxy-L-erythritol. Glucide 21 (C 5 H 12 O 4 , an amorphous powder, [a] D 24 Ϫ3°) was indicated to be 1-deoxypentitol by the 1 H-and 13 C-NMR spectral data. Comparison of these data with those of four possible 1-deoxypentitol, three natural products, 1-deoxyribitol, 4) 1-deoxy-xylitol 4) and 1-deoxy-lyxitol 6b) do not give concordant data, but synthetic 1-deoxy-arabinitol 13) showed identical spectral data. As 1-deoxy-L-arabinitol ([a] D Ϫ1°) 13) showed minus optical rotation, the same as 21, glucide 21 was identified as 1-deoxy-L-arabinitol.
Glucide 22, 23, 24 and 25 were identical with 1-deoxy-Dribitol, 4) 1-deoxy-D-glucitol, 4) 2-deoxy-D-ribino-1,4-lactone 4) and D-hamamelose, 14) respectively. As the water-soluble constituent of ajowan, four hydroxythymol glucosides (3 to 6) were obtained in more than 1% yield from the methanol extract.
Experimental
The instruments used and the experimental conditions for obtaining spectral data and for chromatography were the same as in the previous paper. (4 lϫ2) at room temperature. After removing the ether extract portion (52.0 g) which contained the essential oil, the residue was extracted with methanol (4 lϫ3) at room temperature. After evaporation of the solvent, the residue (65.3 g) was partitioned into ether-water, and the aqueous portion (40.6 g) was subjected to Amberlite XAD-II (H 2 (2S,3R)-2-methylbutane-1,2,3,4-tetrol (18), (3R)-2 8 A mixture of 8 (9 mg) and hesperidinase (5 mg) in water (5 ml) was shaken in a water bath at 37°C for 20 d. The mixture was treated in the same way described for 7 to afford 8a (3.0 mg) and a sugar fraction. From the sugar fraction, the presence of D-glucose was revealed as 7.
(4R,6S)-p- 
